The 
Introduction
Harbour tug boats are vessels designed for towing other vessels not equipped with own propulsion, assisting seagoing vessels during berthing and leaving harbours, assisting vessels during manoeuvres, towing and protecting defected ships and participating in rescue operations. Tug boats are commonly driven by diesel engines. Usually the tug boat is equipped with high power engines (from a few to a dozen or so thousand kW) incommensurate with tug boat dimension. It makes possible to achieve very high towing force (from a dozen to even above hundred tons). A serious development of tug boats group has been observed in last years. New types of tugs were constructed according to new tasks often very specialized, for example, AHTS tug boats (Anchor Handling Tug Supply) used for oil rigs maintenance. This is why nowadays towing vessels can be classified by many criterions as follows: -operation area: open ocean, restricted sea, harbour & roadstead, river, lake, -way of work: towing, pushing, -additionally equipped tugs can serve as:
-rescue tugs -high seaworthiness crafts which can rescue people and ships in heavy sea conditions and "fight" oil, chemical and other environment pollutions, -hydrograph ships, -underwater works service ships, -icebreakers, -fire fighting ships, -service AHTS tugs for drilling platforms, -others, -type of main propulsion: direct or gear, single or multi engine propulsion (usually double engine), -Type and number of propulsors: fixed pitch or controllable pitch propellers, free or in nozzle propeller, azimuth thrusters (for example Schotel, Aquamaster) and cycloid thrusters (VoithSchneider). Tug boats can be characterized by towing force measured in kN or tons. Among many types of tug boats, the biggest in number are harbour & roadstead tugs equipped with towing hooks or towing winches with automatic adjustment of towing line tension. These tugs are used for helping large ocean ships during entrance, manoeuvring in port, departing and shifting. In addition, these tugs can be used in fire fighting actions.
The target of this paper is analysis of main propulsion and onboard electric power station of harbour & roadstead tug boats and determination formulas for main propulsion power and onboard electric power stations depending on basic construction parameters by using statistic methods. To fulfil these requirements the "reference list" of 80 of harbour & roadstead tug boats built in Polish and foreign shipyards was prepared in which tug boat basic construction parameters were listed. Due to construction, differences mainly in hull block coefficient a separate analysis are carried out for tugs driven by azimuth thrusters, cycloid thrusters and classic propellers some of them working in nozzles. From construction parameters these ones were analysed which are logically and functionally tight with energy demand for main propulsion and ship electric network.
The executed analysis of "reference list" shows that basic construction parameters of harbour & roadstead tugs are: -overall length 15-50 m (mostly about 30 m), -breadth 5-14 m (mostly about 9.5 m), -draught 2-6 m (mostly about 4.5 m), -towing force ahead 5-80 tons (mostly about 40 tons), towing force astern about 10 tons less, -maximum sailing speed when at sea 11-14 knots (usually about 12 knots), -main propulsion usually consists of two medium speed diesel engines 1000-2000 kW each (total 2000-4000 kW); the biggest of them have total power about 5000 kW, -contemporary tugs are usually equipped with two azimuth thrusters or two cycloid (VoithSchneider) thrusters, which have very high maneuverability; less frequently two controllable pitch propellers or fixed pitch propellers usually mounted in nozzles are used; the smallest tugs (tugs of smallest towing force) can be equipped with single main propulsion unit, -on board electric power station consists of two diesel alternators 70-150 kW in power each; some big tugs have diesel alternators up to 200 kW and in addition, they can be equipped with small power harbour diesel. The propellers of azimuth thrusters are driven by "Z" type reduction gear. Simultaneously thrusters can turn around vertical axis, thus the towing force can be pointed in any direction. These way thrusters can serve as steering gears (rudder propellers) and ensures high maneuverability. Thrusters can be installed in stern part of hull working as "pushers" or under central part of hull working as "tractors". "Tractor type" tug boats must be equipped with shields and developed keels to protect thrusters against contact with sea bottom. Such a tug boats are shown in Fig. 1 .
Cycloid (Voith-Schneider) thrusters are plants with vertical axis of rotation and a number (3-8) of vertical blades mounted to the bottom of horizontally rotating plate. Blades rotate together with plate simultaneously semi rotating around their own axis. Cycloid thrusters similar to azimuth thrusters can be mounted in "tractor" or "pushing" system as shown in Fig. 2 . Most of them work in "tractor" system. "Pushing" system is mainly used on pushing tug boats (pushers). 
Analysis and determination of main propulsion power
The basic service parameter of harbour & roadstead tug boat is towing force. Thus, it was necessary to determine the dependency of tug main propulsion power on its towing force. This dependency was obtained by means of statistic researches on harbour & roadstead tug boats population separately for each of three kinds of main propulsion (azimuth, cycloid and classic). Analysis was executed according to linear regression pattern using least squares method. Results are shown in Fig. 3-5 . The appropriate formulas are given in figure captions. High values of regression determination coefficients and correlation coefficients are to be noticed. (
Due to lack of data concerning block coefficient of tugs hull it was impossible to determine displacement of these ships. For this reason, it was recognized that tug boats have similar hull block coefficient and for farther analysis, the product of main hull dimensions can be used. Formula (1) changes to the form: [kW]
usters and 19 with classic propellers) were analyzed. Using formula (2) for each i ship from reference list the coefficient c x was calculated. Next, it was used for calculation of main propulsion power N wi for each i ship from reference at 7 chosen sailing speed v. 
In described case the following dependences were assumed:
Dependecies (6) were applied to result a final formula for ship m pro
here: 
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As coefficients a o and a 1 in formula (7) Thus the final formula for ma pendency (7) is:
here:
] -main dimensions of ship hull, type. n power calculated according formula (9) and 
Analysis and determination of on board electric power station
Due to small amount of data and much diversified power of tugs, diesel generators it was impossible to execute reliable statistic research separately to each group tug boats. It was assumed that total power of on board electric power station is function of main propulsion power and it is linear dependency. Statistic calculations were executed for 31 tugs from reference list by means of linear regression using least squares method. As a result a following formula was obtained:
here: N w [kW ic determination of formula (12) is w ] -main propulsion power.
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Coefficient of regression determination is r =0.6267. Graph shown in Fig. 7 . Coefficient of linear Pearson correlation between results from approximation and data from reference list is r =0.7916. It confirms good accuracy of formula (12) and its usefulness in preliminary calculations. ergy delivered from shore. temporary harbour & roadstead tug boats belo ips cannot be adopted in calculations of main propulsion power. Among harbour & roadstead tugs, predominate more powerful azimuth and cycloid (Voith-Schneider) main propulsions, which assure very high maneuverability. Cycloid thrusters have higher maneuverability but smaller efficiency what is shown in Fig. 8 . In the diagram is possible to observe that to achieve the same towing force they need more power of main propulsion. Nowadays built harbour & roadstead tug boats are mostly equipped with azimuth thrusters due to their higher efficiency. On very small tugs having small towing force and less powerful
Conclusions

